Introduction
============

The assessment, monitoring, and treatment of chronic obstructive pulmonary disease (COPD) have long been driven by the level of airflow limitation. However, emphasis has recently shifted towards a better understanding of the heterogeneity among patients with COPD. This led to the revision of the strategy document of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) in 2011.^[@bib1]^ In the 2011 GOLD strategy, COPD is not only classified with the spirometric 1234 grades but also with the ABCD groups.^[@bib1]^ According to the ABCD groups, the assessment of COPD is based on symptoms and the risk of experiencing an exacerbation in addition to lung function.^[@bib1]^ Low or high symptom burden can be determined using the modified Medical Research Council (mMRC) dyspnoea scale^[@bib2]^ (mMRC \<2 versus mMRC ≥2) or the COPD Assessment Test (CAT) (CAT\<10 versus CAT≥10).^[@bib3]^ A low or high risk is based on the history of exacerbations (\<2 or ≥2 exacerbations in the previous 12 months) or the forced expiratory volume in one second (FEV~1~) as a percentage of the predicted value (≥50% or \<50%), whichever results in a higher risk. Based on this information, the patient is placed into one of the four ABCD groups. Ultimately, the GOLD classification should estimate current health status, predict future health outcomes, and guide therapy.^[@bib1]^

Several studies have investigated the association between the GOLD ABCD groups and health outcomes.^[@bib4; @bib5; @bib6; @bib7]^ Lange *et al.*^[@bib4]^ investigated the ability of the GOLD ABCD groups to predict the risk of exacerbations and mortality in two Danish general populations combined. However, the FEV~1~% predicted was based on pre-bronchodilator values, which can overestimate the prevalence of severe COPD. Han *et al.*^[@bib5]^ evaluated the influence of symptom instrument choice on patient category assignment and prospective exacerbation risk by GOLD group in the COPDGene cohort with patients recruited in hospitals. Soriano *et al.*^[@bib6]^ compared the distribution and prognostic validity of the GOLD ABCD groups with the GOLD 1234 grades as predictors of mortality in 11 small Spanish cohorts combined. Agusti *et al.*^[@bib7]^ used the ECLIPSE data to investigate the ability of the GOLD ABCD groups to predict mortality, exacerbations, and hospitalisations. Furthermore, two studies compared the ability of the GOLD 1234 grades and GOLD ABCD groups to predict mortality^[@bib8],[@bib9]^ and hospitalisations.^[@bib8]^ However, none of these studies has used such a wide variation of different disease-specific and generic health-related quality of life (HR-QoL) measurements as we did in our study. Moreover, none has investigated the association with costs. The latter is important information for decision-analytical models that estimate the cost-effectiveness of COPD treatments in different subgroups.

The aim of our study was to investigate the association of the GOLD ABCD groups classification with a wide range of HR-QoL outcomes and cost categories. We compared this with the GOLD 1234 grades classification, which is based on lung function only. The study was performed in patients with COPD recruited in primary care, where the vast majority of patients with COPD are treated.

Methods
=======

Setting
-------

Patients diagnosed with COPD were selected from electronic medical records of general practices (EMR-GP) in the Western part of the Netherlands between September 2010 and September 2011. Participants had a post-bronchodilator FEV~1~/forced vital capacity (FVC) ratio of \<0.7. Patients with terminal illnesses, dementia, cognitive impairment, hard drug abuse, alcohol abuse, or those who were unable to complete Dutch questionnaires were excluded. The general practitioners verified that the included patients fulfilled the inclusion and exclusion criteria. All participants provided written informed consent before participation and the study was approved by the Medical Ethics Committee of the Leiden University Centre.

Data
----

Participants completed the following questionnaires with the support of research nurses: Clinical COPD Questionnaire (CCQ),^[@bib10],[@bib11]^ St George\'s Respiratory Questionnaire (SGRQ),^[@bib12]^ MRC Dyspnoea Scale,^[@bib2]^ Short Form-36 (SF-36),^[@bib13],[@bib14]^ EuroQoL-5 dimensions (EQ5D) including both the descriptive part and the visual analogue scale (EQ5D-VAS),^[@bib15],[@bib16]^ and a questionnaire asking about healthcare utilisation, travel expenses, and absence from paid work in the three months prior to completion of the questionnaire. Information on drug prescriptions was extracted from the EMR-GP. EQ5D utilities were estimated using the Dutch value set.^[@bib17]^ We collected patient characteristics such as age, gender, co-morbidity,^[@bib18]^ education level, marital status, employment status, self-efficacy, and smoking status. Further details are shown in [Table 1](#tbl1){ref-type="table"}.

Participants were classified according to both 1234 grades and ABCD groups.^[@bib1]^ Low symptom burden was defined as mMRC \<2 and high symptom burden as mMRC ≥2. Spirometry data were obtained from the EMR-GP. If spirometry data were unavailable, a respiratory nurse contacted the individual participants for a spirometry test. The number of exacerbations in the previous 12 months was determined according to International Classification of Primary Care (ICPC) registrations in the EMR-GP. Exacerbations were defined as prescriptions for: (1) prednisone with or without antibiotic, unless the ICPC explicitly indicated a reason other than COPD exacerbation; or (2) antibiotics alone with an ICPC description of a COPD exacerbation. A gap of at least 21 days between prednisone prescriptions was used to distinguish subsequent exacerbations and to define different events.

Patient subgroups were created within GOLD-C and GOLD-D (i.e. those at high risk due to low lung function (GOLD-C1 and D1)), a history of frequent exacerbations (GOLD-C2 and D2), or both (GOLD-C3 and D3).

We defined four different categories of costs (medication costs, costs in the primary care sector, total healthcare costs, and total costs from a societal perspective). Medication costs included COPD- and non-COPD-related prescriptions. Primary care costs included costs of consulting with a GP, nurse, dietician, physiotherapist, podiatrist, or occupational therapist, and costs of home care provided by home care organisations. Total healthcare costs included medication costs, costs of primary care plus hospital admissions, consultations with medical specialists, emergency department visits, and pulmonary rehabilitation costs. In addition to the total healthcare costs, the costs from a societal perspective included travel costs of patients to healthcare providers and costs of productivity losses.

Standard unit costs were obtained from the Dutch manual for costing research^[@bib19]^ inflated to 2012 values using the general consumer price index.^[@bib20]^ The costs of medications were obtained from the GIP-Databank, including taxes and pharmacist dispensing fees.^[@bib21]^ The productivity costs were estimated using the friction cost approach, which assumes that productivity loss only occurs during the time it takes to replace a sick employee (the friction period).^[@bib22]^ We used a friction period of 115 days.^[@bib19]^

Statistical analyses
--------------------

Descriptive statistics of patient characteristics, clinical measures, HR-QoL, and costs were provided. Continuous variables were summarised as means and standard deviation and categorical variables as frequencies. We used ANOVAs for normally distributed variables, Kruskal-Wallis tests for non-normally distributed continuous variables, and Pearson\'s χ^2^ tests for categorical variables to test for differences between the four 1234 grades and ABCD groups; p values \<0.05 were considered statistically significant.

We modelled disease-specific and generic HR-QoL as functions of the 1234 grades and the ABCD groups controlling for patient characteristics using linear mixed-effects models. We accounted for the hierarchical nature of the data in these multi-level models with level 1 patient and level 2 general practices. This model was specified for six different outcome variables: CCQ, SGRQ, EQ5D, EQ5D-VAS, SF-36 mental component, and SF-36 physical component. The inclusion of a covariate was based on the likelihood ratio test that is suitable to compare the goodness-of-fit of nested models.^[@bib23]^ The following covariates were considered for inclusion: Charlson co-morbidity index, age, gender, low education, employment status, self-efficacy, and smoking status.

We also modelled costs as a function of the 1234 grades and the ABCD groups. We used a generalised linear mixed model suitable for analysing the right-skewed cost data. The distribution and link function were selected after comparing the goodness-of-fit of models with different specifications of the distribution and link functions. Models that had the lowest Akaike\'s information criterion (AIC) and the Bayesian information criterion (BIC) were selected. Four cost categories were used as outcome variables: healthcare costs, medication costs, primary care costs, and total costs from a societal perspective.

In all models we used an unstructured covariance matrix since this does not impose a particular pattern on the covariance. To correct for incorrect specifications of the covariance matrix we used sandwich estimators. The AIC compared the goodness-of-fit of the model that included the ABCD groups with the model that included the 1234 grades. Furthermore, the models were compared with respect to the proportion of explained variance measured at the patient level (R~1~^2^).^[@bib24]^ Finally, we tested whether the four ABCD groups statistically differed from each other in the four cost models and the six HR-QoL models.

Results
=======

Descriptive statistics
----------------------

[Figure 1](#fig1){ref-type="fig"} shows the study flowchart. From the 2,006 potential participants, 575 (29%) were excluded by their GP, most of whom (59%) were misdiagnosed. From the remaining 1,431 potential participants, 57% refused to participate in the study. Most of these indicated no reason for refusing (73%), while others expressed no interest (16%) or reported not having troublesome COPD symptoms (5%). In total, we included 611 participants diagnosed with COPD from 28 general practices; 55% were classified in GOLD-A, 18% in GOLD-B, 13% in GOLD-C, and 14% in GOLD-D ([Table 2](#tbl2){ref-type="table"}). Patients with low exacerbation risks (GOLD-A and GOLD-B) were mainly former GOLD-2 patients (70%). Patients with high exacerbation risks (GOLD-C and GOLD-D) included those from all former GOLD classes, but were mainly from GOLD-3 (65%). [Table 2](#tbl2){ref-type="table"} shows that the major criterion for classifying patients as high-risk was low lung function.

The sample characteristics, according to GOLD group, are presented in [Table 3](#tbl3){ref-type="table"}. Patients with GOLD-B were older, more often single, and had a lower level of education than patients in other groups. GOLD-C had the highest percentage of current smokers (45%) while GOLD-B and GOLD-D had the greatest prevalence of cardiac morbidities, diabetes, and depression in addition to the lowest employment levels, self-efficacy scores, and levels of physical activity.

Patients with GOLD-A had the least impaired disease-specific and generic HR-QoL, followed by patients with GOLD-C, GOLD-B, and GOLD-D for all HR-QoL measures. Patients with GOLD A had the lowest costs while patients with GOLD D had the highest.

Association between GOLD classifications and HR-QoL
---------------------------------------------------

[Table 4](#tbl4){ref-type="table"} shows the results of the multi-level models for HR-QoL. The AIC of the models with the GOLD ABCD groups classification were lower than those with the GOLD 1234 grades classification, indicating a better model fit. Furthermore, these models explained more variance between patients than models with the GOLD 1234 grades classification, as indicated by a higher R^2^.

Patients with GOLD-B, GOLD-C, and GOLD-D had significantly worse HR-QoL than those with GOLD-A across all questionnaires after controlling for patient characteristics. For example, the mean CCQ score of patients with GOLD-D was 1.21 worse than the mean CCQ score of patients with GOLD-A. [Appendix 1](#app1){ref-type="app"} (available online at [www.pcrj.org](http://www.pcrj.org)) shows the pairwise differences from the HR-QoL models, first with GOLD-A as reference category, then GOLD-B, etc. The HR-QoL was significantly different between GOLD-B and GOLD-C, and between GOLD-C and GOLD-D, except for the SF-36 mental component. The difference in HR-QoL between patients with GOLD-B and GOLD-D was only significant for the SF-36 physical component. The GOLD group order, by increasingly impaired HR-QoL, was GOLD-A, GOLD-C, GOLD-B, and GOLD-D.

The GOLD 1234 grades classification showed greater impairment of HR-QoL as GOLD grade increased, but the differences were not statistically significant between GOLD-1 and GOLD-2 in the SF-36 physical component, between GOLD-1, GOLD-2, and GOLD-3 in the SF-36 mental component, or between GOLD-1, GOLD-2, GOLD-3, and GOLD-4 in the EQ5D score.

Association between GOLD classifications and costs
--------------------------------------------------

Cost models with a log normal distribution and identity link function showed the best fit ([Appendix 2](#app2){ref-type="app"}, available online at [www.pcrj.org](http://www.pcrj.org)). The estimated β-coefficients from our cost models were transformed into the exponential form, which allows us to interpret them as the percentage of change in costs. [Table 5](#tbl5){ref-type="table"} shows the results of these generalised linear mixed cost models. The AIC of cost models with the GOLD ABCD groups were slightly lower, indicating a better model fit, and they explained more variance than those with the GOLD 1234 grades. This suggests that models using the GOLD ABCD groups classification performed better.

Patients with GOLD-B, GOLD-C, and GOLD-D had significantly higher costs than those with GOLD-A, except for primary care costs. Total healthcare costs were significantly higher for patients with GOLD-B (72%), GOLD-C (74%), and GOLD-D (131%) than for those with GOLD-A. Costs of patients with GOLD-B were similar to those with GOLD-C, but significantly lower than those with GOLD-D ([Appendix 3](#app3){ref-type="app"}, available online at [www.pcrj.org](http://www.pcrj.org)). Overall, the rank ordering of GOLD group by increasing costs was GOLD-A, GOLD-B, GOLD-C, and GOLD-D.

The GOLD 1234 grades classification also showed that healthcare costs increased with increasing GOLD grade (9% higher in GOLD-2, 71% higher in GOLD-3, and 193% higher in GOLD-4 compared with GOLD-1).

Discussion
==========

Main findings
-------------

We found that the GOLD ABCD groups classification was more strongly related to HR-QoL (disease-specific and generic) and costs than the GOLD 1234 grades classification. Multi-level analysis of HR-QoL and costs using (generalised) linear mixed models incorporating the GOLD ABCD groups classification consistently explained a higher proportion of the variance between patients and had better goodness-of-fit than models incorporating the GOLD 1234 grades classification.

The rank order of GOLD ABCD groups from best to worst HR-QoL found in this primary care population was: GOLD-A, GOLD-C, GOLD-B, GOLD-D. HR-QoL was better in patients with GOLD-C than GOLD-B, despite higher exacerbation rates and lower lung function. This can be attributed to the higher level of symptoms in GOLD-B, since the results were corrected for a higher score on the Charlson co-morbidity index, lower physical activity level, lower self-efficacy scores, lower educational level, lower employment rate, and a higher proportion of single patients with GOLD-B than with GOLD-C. Moreover, we found that the GOLD 1234 grades classification could not distinguish between GOLD-1 and GOLD-2 with respect to generic HR-QoL. Reclassifying patients with GOLD-1 and GOLD-2 into high (GOLD-B) and low symptom burden (GOLD-A) ([Table 2](#tbl2){ref-type="table"}) led to clearer differences in disease-specific and generic HR-QoL. Similarly, the separation of patients with GOLD-3 and GOLD-4 into GOLD-C and GOLD-D led to clearer distinctions in HR-QoL. Patients with lower risk levels had a significantly better HR-QoL than those with a higher risk level, and adding symptom burden to lung function improved the discriminative capabilities of the GOLD classification.

The rank order of GOLD groups by increased costs was: GOLD-A, GOLD-B, GOLD-C, GOLD-D. The GOLD 1234 grades classification could not distinguish between GOLD-1 and GOLD-2, but the GOLD ABCD groups classification did show that costs in GOLD-B, GOLD-C, and GOLD-D differed from costs in GOLD-A. Despite the fact that the model with the GOLD groups explained somewhat more variation in costs, none of the cost categories showed a statistically significant difference between GOLD-B and GOLD-C. Apparently, the higher level of symptoms in GOLD-B did not lead to more healthcare use.

Strengths and limitations of this study
---------------------------------------

Apart from the wide range of HR-QoL measures and costs used, the strength of our study lies in the large number of patients with COPD from many general practices. The sample covers the entire range of COPD severity and is representative of the Dutch COPD population because we applied few inclusion and exclusion criteria. Although we have recruited patients in primary care, the sample also included patients seen by pulmonary physicians in hospitals. This is because patients referred to secondary care are still included in the GP\'s records. Our severity distribution (24% GOLD-1, 55% GOLD-2, 18% GOLD-3, 3% GOLD-4) was comparable to the severity distribution previously reported in primary care (27% GOLD-1, 55% GOLD-2, 15% GOLD-3, and 2% GOLD-4).^[@bib25]^ Moreover, like other primary care studies,^[@bib26],[@bib27]^ approximately one-third of our study population had a high symptom burden (mMRC ≥2).

This study has some limitations. One is that healthcare utilisation was self-reported except for prescriptions, which may have led to an underestimation of costs. If this occurred to an equal extent in all four GOLD classes, differences between the four classes are not biased.^[@bib28]^ Another limitation is that the exacerbation history was retrospectively obtained from prednisone and antibiotic prescriptions in combination with ICPC codes recorded in the EMR-GP, so mild exacerbations cannot be included. Although these mild exacerbations are unlikely to affect costs, they may affect HR-QoL. A third limitation was that, despite its size (\>600 patients), our sample size was still insufficient to allow subgroup analysis within GOLD-C and GOLD-D because most patients had either GOLD-A or GOLD-B. The GOLD-C and GOLD-D groups contain a mixture of patients with a high risk due to a low level of lung function, a history of frequent exacerbations, or both ([Table 2](#tbl2){ref-type="table"}). The latter patients are likely to have a worse HR-QoL and higher healthcare costs, but we were unable to confirm this.

Interpretation of findings in relation to previously published work
-------------------------------------------------------------------

Since the GOLD strategy revision in 2011, several studies have investigated the distribution and characteristics of the GOLD ABCD groups and their association with outcomes.^[@bib4; @bib5; @bib6; @bib7; @bib8; @bib9]^ Lange *et al.*^[@bib4]^ and Leivseth *et al.*^[@bib9]^ recruited patients in the general population while Han *et al.*^[@bib5]^, Soriano *et al.*^[@bib6]^, Augusti *et al.*^[@bib7]^, and Johannessen *et al.*^[@bib8]^ recruited patients mostly in hospital settings. We recruited patients from primary care, which is most likely the reason why we found more GOLD-C patients and fewer GOLD-D patients than in the latter four studies.^[@bib5; @bib6; @bib7; @bib8]^ Despite the difference in recruitment setting, our finding that co-morbidities were particularly prevalent in the two 'high symptom' groups (GOLD-B and GOLD-D) is in line with previous studies.^[@bib7],[@bib8]^ Furthermore, like previous reports,^[@bib4],[@bib5]^ we found that patients were often categorised at high risk of exacerbation because of lung function rather than exacerbation history. Only 30% of GOLD-C patients and 19% of GOLD-D patients were assigned to high-risk groups because of their exacerbation history. Also consistent with earlier studies^[@bib5],[@bib26]^ was our finding that HR-QoL for GOLD-C patients was better than for GOLD-B patients. Three studies found that three-year survival was similar for GOLD-B and GOLD-C patients,^[@bib4],[@bib6],[@bib7]^ but the results seem to change in the long term because one study found that patients in GOLD-B had a better survival then those in GOLD-C after 10 years of follow-up.^[@bib6]^ Two studies concluded that the GOLD ABCD groups classification did not differ significantly from the GOLD 1234 grades classification in terms of predicting mortality^[@bib6],[@bib8]^ and hospitalisations.^[@bib8]^ Moreover, in one study the GOLD 1234 grades predicted mortality better than the GOLD ABCD groups.^[@bib9]^

Debates on the GOLD ABCD groups classification are ongoing. For example, it has been suggested that one severe exacerbation requiring hospitalisation should qualify a patient as being at high risk.^[@bib29],[@bib30]^ In our sample there were only three hospitalisations for COPD exacerbations among the low-risk group in the past three months, one in a patient with GOLD-A and two in patients with GOLD-B. Moving these patients to the high-risk groups would not have changed our results.

Implications for future research, policy, and practice
------------------------------------------------------

Whether the GOLD ABCD groups classification will lead to major changes in daily practice is questionable. The GOLD ABCD groups classification certainly raises awareness among physicians that assessment of COPD severity should include multiple components other than lung function. It stimulates patient-centred outcome thinking and is a step towards personalised medicine, although this would also require an integrated assessment of, for example, risk factors, biomarkers, exercise capacity, nutritional status, multi-morbidities, personal goals, illness perceptions, and coping behaviour as is currently advocated by the Dutch Care Standard for COPD.^[@bib31]^

The GOLD ABCD groups classification may have consequences for decision-analytical models that aim to assess the cost-effectiveness of COPD treatments. Currently, most of these models are state transition models in which the states are defined by FEV~1~% predicted and exacerbations. However, these models are also moving towards the simulation of individual patients with different characteristics. Adopting the GOLD ABCD groups classification may be a step towards this, although it still needs to be demonstrated that the cost-effectiveness of treatments indeed varies between the GOLD ABCD groups.

Conclusions
-----------

The GOLD ABCD groups classification stimulates a multi-dimensional assessment of COPD severity that appears to be more strongly related to HR-QoL (disease-specific and generic) and costs than the GOLD 1234 grades classification, which was mainly based on lung function. Reclassifying former GOLD-1 and GOLD-2 patients into the GOLD ABCD groups classification clearly led to a greater difference in HR-QoL (disease-specific and generic) and costs between groups. Similarly, separating former GOLD-3 and GOLD-4 patients into GOLD-C and GOLD-D groups led to a clearer difference in HR-QoL. Furthermore, patients with GOLD-C had a better HR-QoL than those with GOLD-B, but their costs did not differ.
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###### Input and outcome variables used in the analysis
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###### Patient sample distributed according to the GOLD 1234 grades and ABCD groups classification
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###### Sample characteristics according to GOLD ABCD groups classification
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###### Health-related quality of life models
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###### Cost models
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